The imbalance between oxidant molecules and antioxidant agents is characterized as oxidative stress (OS) and may lead to severe damage to the organism. In contrast, the physical training of aerobic and resistive character promotes increases of the antioxidant response, resulting in a balance and/or minimizing damage. Therefore, the objective of the study is to verify the effect of aerobic training, resistive training and concurrent training on oxidative stress of Wistar rats. Methods: To perform the experiment, 40 Wistar rats were subjected to eight weeks of training. The animals were distributed into 4 different groups: control, aerobic, resistive and concurrent (combination of aerobic and resistive protocols in the same section) an h/day, five days/week, for eight weeks. At the end of the experimental period: the antioxidant enzymes (catalase, glutathione peroxidase and superoxide dismutase), biomarkers of oxidative stress (TBARs and H 2 O 2 ) as well as the activity of reduced and oxidized glutathione were analyzed. Results: Regarding the markers, TBARs and H 2 O 2 trainings were not effective in promoting significant reduction. In contrast, the three training protocols caused an increase in SOD and GSH-GPx enzymes. Conclusion: Therefore, we concluded that both training protocols promoted benefit to the organism, because they caused the increase of antioxidant enzymes without disturbance in the pro-oxidant markers.
Introduction
The finding that the physical exercise promotes acute increase in Reactive Oxygen Species (ROS) has been reported for over 30 years [1] . After this discovery, some evidences indicated that despite high concentrations of ROS induced damage to lipids, proteins and nucleic acids [2] [3], low to moderate levels of these oxidizing molecules played an important role in the signaling and regulation of several genes related to antioxidant capability and physical performance [4] [5] [6] [7] .
According to Davies et al. [8] the increase in production of ROS during exercise occurs mainly in muscle fibers. From this assumption, several studies assume skeletal muscle as a key producer of ROS and blood as a general representation of the organism [8] [9] [10] .
However, according to Nikolaidis et al. [11] erythrocytes are a major source of ROS production in the blood, especially hydrogen peroxide (H 2 O 2 ), both at rest and after an exercise session [12] [13] [14] . Moreover, the blood can interact with tissues and organs and, consequently, with possible producers sources of ROS, dramatically increasing levels of oxidant molecules in erythrocytes [11] [15].
Physical training is a condition that is capable of generating cellular adaptations, both in tolerance to oxidative changes as in the improvement of antioxidant system [6] [9] [16] [17] .
The beneficial effects of aerobic exercise training on antioxidant defense mechanisms in several tissues have been reported [12] [18] . Revan and Erol [19] have observed in subjects who performed a protocol of physical training in the intensity of 50% to 70% of maximum heart rate. It was able to reduce the levels of lipid peroxidation in erythrocytes after exhaustive exercise. Corroborating these findings, Oztasan et al. [20] have found in rats the effect of aerobic exercise training on oxidative stress in erythrocytes. According to these authors, aerobic training was effective in preventing stress induced by acute exercise with consequent increased activity of antioxidant enzymes.
Furthermore, the effects of resistive training (RT) on the oxidative stress (OS) also have been studied in humans [21] [22] and animals [18] [23] [24] .
Some authors have observed that the RT promoted adaptation in humans,
showing lower levels of lipid peroxidation [22] and increased activity of superoxide dismutase and catalase enzyme in erythrocytes [21] . In animals, the existing studies verified the effect of the RT in skeletal muscle [23] , cardiac [24] and liver [18] . Murlasits et al. [23] have reported that RT three times a week promotes a 66% increase in the expression of the enzyme superoxide dismutase DOI: 10.4236/oalib.1104411 2 Open Access Library Journal M. Costa-Junior et al.
(SOD). In contrast, Ahmadiasl et al. [24] found no improvement in the antioxi- Thus, the objective of this study was to investigate the effect of different protocols of physical training on markers of oxidative stress in erythrocytes of rats.
Materials and Methods

Animals
Forty 
Training Protocols
The animals were randomly distributed into four groups: sedentary (S), aerobic training (AT), resistive training (RT) and concurrent training (CT). All animals were adapted to the liquid medium before starting the training protocol. The training protocols were performed in a periodized way, as suggested by Araújo et al. (2012) . After an adjustment period, the three trained groups (AT, RT and CT) were subjected to a training program conducted five times a week for eight weeks. The groups AT and CT were subjected to Lactate Minimum Test before, after four and eight weeks of training. The groups CT and RT were subjected to the five repetition maximum strength test (5-RM) before, after four and eight weeks of training.
Adaptation to the Liquid Medium
The adaptation to the liquid medium was performed to all animals prior to their testing and training protocols. Adaptation took 10 days to complete and was 
Lactate Minimum Test
The test was applied to determine the anaerobic threshold (AnT) [25] [26] of the animals using a modified procedure [27] . This test involves three steps: 1)
high-intensity exercise to cause an increase in circulating blood lactate; 2) recovery to ensure high levels of lactacidemia and 3) exercise test with progressive loads, with blood sampling for lactate analysis at each load.
For the hyperlactacidemia induction, the animals were placed individually in tanks (100 × 80 × 80 cm), containing water at 31˚C ± 1˚C, supporting a load of 13% body weight and were subjected to swimming for 30 seconds. After 30 seconds of rest, they were subjected to swimming again with the same loads until exhaustion. After a rest period (9 min), blood samples were collected by an incision in the tip tail and the animals began the swimming exercise with progressively higher intensities [27] [28]. The first load was equivalent to 4% body weight (bw) being increased by 0.5% bw every 5 minutes, until exhaustion of the animal. At each load change, blood sample was collected for lactate dosage [29] .
The determination of blood lactate levels was performed by enzymatic method [30] .
Adaptation to Resistive Training
The process of adaptation to the jump of the animals resistive and coucorrent training was started 48 hours after the Lactate Minimum Test, and lastedfive days. During all the procedure the adaptation jump of the animals the aerobic training was submitted to a load corresponding to 90% of the lactate minimum, with a progressive time increase until they had performed 60 minutes of train- ing.
The animals were initially put into shallow water, with a load of 50% of their body weight attached to their backs on a Velcro® bag. On the twelfth adaptation day, the water level was progressively increased to 150% of the naso-anal length so the animals could perform 10 jumps. On the two next days the rats performed two sets of 10 jumps with a load weighing 50% of their body weights and an interval of one minute and a half between sets. On the last adaptation day before the five maximum jump test, the animals executed two sets of 10 jumps with a load of 70% of their body weight so they could get close to the maximum load.
The jumps occurred in a 250 mm diameter PVC pipe aiming to limit the di- 
The Five Repetition Maximum Strength Test (5-RM)
To evaluate the animals muscle strength, it was used the jump system in tanks with water [32] . However, we used the five repetition maximum strength test (5-RM) to determine the maximum load of animals. Moreover, 48 hours elapsed after the adaptation period already described, the animals of groups CT and RT started the 5-RM test, swimming for one minute without load. After the one-minute rest, the animals were subjected to two series of physical preparation, the first series of 10 jumps with load of 50% bw. In the second series of physical preparation, 5 jumps were conducted with a relative load of 70% bw.
After five minutes of rest the animals initiated the 5-RM test, which was composed of a maximum of five attempts with recovery interval of five minutes between each attempt. The 5-RM test was validated when the animals in all jumps exceeded at least the snout of the established marking (150% naso-anal length).
If successfully completed, the test was increased a load to the dorsum of the animal, if the test was given as invalid, the load was removed from the dorsum of the animal. The final load found was considered 100% of 5-RM. The tests were always at similar time with a maximum of five attempts per day.
Protocols of Physical Intervention
Protocol of Aerobic Training
The animals of groups aerobic training were subjected to swimming exercise in individual tanks containing water at 31˚C ± 1˚C, one hour a day, five days a week, totaling eight consecutive weeks, supporting overload of lead tied to the thorax. Initially, the training load was equivalent to 90% of AnT individual, identified by the lactate minimum test, with an increase of 5% weekly until the third week, with intent to cause an overload and reduce the chance of the animal entering in a state of training monotony [28] . Throughout the experimental protocol the animals submitted to aerobic training maintained the exercise for 
Protocol of Resistive Training
The animals selected for resistive physical training conducted jumping exercises into water tanks, with a load attached in the thorax (backpack lead). Each exercise session consisted of eight series of 8 to 12 jumps, with an interval of one minute between each series. The training was carried out five days a week, with the weekends as breaks for a period of eight weeks in a row.
The jumps were performed on PVC tube, individually, 100 cm long, 70 cm diameter, with water at a depth corresponding to 150% of a rat body length, and the jump being counted as effective only when the animal succeed in overcoming this water height limit [32] . The periodization of training was made in order to avoid the training monotony, which according to Kuipers [33] and Araújo et al. [28] may lead to overtraining. The initial load was equivalent to 80% of 5-RM predetermined, with an increase of 5% weekly, until the third week. In the fourth week, the animal kept a charge of 90% of 5-RM, with a reduction in volume in the last three days of training to 75% of the initial (6 series) aiming to promote supercompensation [31] and, at the end of that week, the 5-RM test was carried out again for a new adjustment of the load. This training cycle was repeated until the eighth week. All training sessions were initiated in the afternoon (18:00).
Protocol of Concurrent Training
The animals subjected to Concurrent Training protocol performed a combination of swimming exercise for 30 minutes and 4 series of jumping exercise, five times a week for 8 weeks, following the same periodization protocol of aerobic and resistive training.
Obtaining Biological Material
At the end of the experiment the animals were anesthetized with CO 2 , after resting for 48 hours to euthanasia. Blood was collected through cardiac puncture directly of the left ventricle and, immediately after, the blood was centrifuged 
Biomarkers of Lipid Peroxidation: Concentration of Products That React to Thiobarbituric Acid (TBARs)
The thiobarbituric acid reactive substances (TBARS) was measured to quantify the products of lipid peroxidation in erythrocytes. This method consists in the analysis of the final products of lipid peroxidation (lipid peroxides, malondialdehyde, and other low molecular weight aldehydes).The substances react with thiobarbituric acid to form colored species and its concentration can be determined spectrophotometrically at 532 nm [34] .
Biomarkers of Antioxidant Defense System
Enzymatic activity catalase (CAT)
The assays for dosage of catalase activity were carried out by adding to the 
Enzymatic activity superoxide dismutase (SOD) and Glutathione peroxidase (GSH-GPx)
The superoxide dismutase (SOD) and glutathione peroxidase (GSH-GPx) activity in erythrocytes was determined using SOD assay kit number 706002 and 
GSH/GSSG
The concentrations of reduced and oxidized glutathione (GSH and GSSG)
were determined by fluorometry after precipitation of proteins with meta-phosphoric acid 25%, in order to obtain the glutathione concentration in the erythrocytes. The analysis was performed according to the method described by 
Results
Mean values ± standard error of body mass during the weeks of the protocol experiment is expressed in Figure 1(a) . Figure 1(b) shows a significant difference of the TA and TR groups in relation to the GC in the area under the curve (BSA) of body mass development, that is, a body mass miracle during the experiment weeks.
Regarding the TBARs, no significant difference was found between groups,
i.e., the physical training provided no reductions in the levels of lipid peroxidation ( Figure 2 ).
As observed in Figure 3 , the training did not modify the concentration of 
Discussion
Since the time when the researchers have found that a session of physical exercise promotes an increase in reactive oxygen species (ROS), several studies aim- [22] [23] . A combination of stimuli (aerobic and resistive) in animal models had not been studied, so the differential of this study was to investigate the effect of three different protocols (aerobic, resistive and concurrent) on markers of oxidant systems (H 2 O 2 concentrations and TBARs) and antioxidant (CAT, SOD,
GSH-GPx and GSH/GSSG).
In the present study we analyzed the concentrations of lipid peroxidation by the method of analysis of substances formation which react to thiobarbituric acid (TBARs). TBARs is a molecule formed in the early lipid peroxidation of polyunsaturated fatty acids when they are attacked by radicalar and not radicalar species. Although the TBARs measurement test is very unspecific, it can provide an idea about the process of lipid peroxidation [37] . In our study, the different training protocols did not cause changes in lipid peroxidation in erythrocytes in
Wistar rats under resting conditions.
Moreover, studies according to Sertuk et al. [12] andOztsan et al. [20] A lower ROS production is not enough to get a protected cellular redox state, but it is also necessary that the antioxidant system would be with its full functionally to protect cells from damaging effects caused by ROS [38] . For this rea- Increased levels of GSH-Px caused by the three physical training protocols are consistent with some studies. According to Oztasan et al. [20] and Miyazaki et al. [39] aerobic physical training promotes significant increases in the levels of GSH-GPx in erythrocytes in rats. This effect caused by training in the activity of SOD and GSH-GPx, probably occurs in response to oxidative stress induced by several consecutive sessions of exercise. According to Tiidus et al. [42] and Gomez-Cabrera et al. [43] regular physical training, whether aerobic or resistive, stimulates the increase in concentrations of protein kinase 5' adenosine monophosphate (AMPK) cellular, which is responsible for triggering the activation of nuclear factor kappa B (NF-kB). This transcription factor NF-kB is responsible for triggering a variety of genes, including SOD and GSH-Px, resulting in a possible adaptation arising of training protocols used in this study.
The effect of training on antioxidant enzymes, mainly catalase activity and expression is still inconsistent and controversial. Pinho et al. [44] have found that a 12-week training increases levels of SOD and reduces levels of CAT, thus proposing that an overload could occur in the formation of H 2 O 2 possibly causing harmful effects on cells due to the ease of peroxide to react with transition metals and generate hydroxyl radical which is the most reactive existing radial [45] .
These authors have not reported the existence of a redox imbalance, since levels of the activity GSH-GPx and H 2 O 2 were not measured in this study.
However, in our study, we measured the activity of GSH-GPx and found significant increases in all trained groups (aerobic, resistive and concurrent). The Other variables measured in our study were the concentrations of GSH, GSSG and GSH/GSSG ratio, which were not modified by any of the physical training protocols. The ratio between GSH and GSSG represents the cellular redox state, since the GSH plays a multifunctional role in protecting tissues against oxidative damage during exercise assisting in the direct removal of H 2 O 2 being transformed into GSSG, and is also used in preventing lipid peroxidation [47] . There are studies that have demonstrated that exercise training can promote an increase in GSH content and reduce GSSG muscular [47] [48] . In contrast, studies have reported a reduction in GSH content in rat soleus muscle after training [49] or increase in GSH and GSSG enzymes, leading to maintenance of GSH/GSSG ratio in erythrocytes [50] .
Furthermore, is worth emphasizing that the GSH synthesis in skeletal muscle occurs at low rates, thus promoting an import of GSH by muscle coming from the plasma and/or erythrocytes. Muscle tissue not only is capable of importing GSH, but also exporting GSSG. Thus, if the GSH consumption rate exceeds the production rate, a maintenance may occur or even a decrease in the GSH/GSSG ratio post-training in erythrocytes, so that skeletal muscle may combat internal oxidative stress [47] . This phenomenon may explain the increase in certain antioxidant variables and the maintenance of GSH/GSSG ratio in erythrocytes in all training protocols used in our study.
The initial hypothesis of the study was that concurrent training should induce an adaptation of the antioxidant system that would overcome the aerobic and resistive protocols separately, depending on the stimulation of production of reactive oxygen species. But this study showed a similar adaptation in the three training protocols used. Possibly the adaptations of the antioxidant system are induced by the amount of training and not specifically by stimulation of each of the training protocols. According to this hypothesis and with the results aforementioned Tromm et al. [51] have verified the effect of two and three days per week of aerobic training, and have observed that only the protocol of three days promoted adaptations in the antioxidant system and the protocol of two days was not enough to promote the benefits resulting from physical training.
Conclusion
Therefore, we can conclude that the three physical training protocols promote an increase in antioxidant enzymes without alteration of pro-oxidant markers and modifications in redox balance.
